major steps during dissection of triangle of Calot. Gall bladder and its duct are chiefly supplied by cystic artery and, it has to be clipped for performing the surgery. Improper control of cystic artery leads to uncontrollable bleeding which obscures the operative field. It usually forces the surgeon to convert the laparoscopic procedure into open cholecystectomy, which often leads to morbidity. Studies have reported that due to blood vessel injuries, the incidences of conversion of laparoscopic cholecystectomy to open surgeries are up to 1.9% with 0.02% mortality. 6, 7 This problem often arises due to variable anatomy of cystic artery in the Calot's triangle. Normally cystic artery arises from right hepatic artery. Sometimes it has variable origin and may arise from celiac plexus, gastro duodenal artery, left branch of hepatic artery, hepatic artery proper. 8 Knowledge of these variations help in prevention of accidental hemorrhage during laparoscopic cholecystectomy. Our study aimed to assess the prevalence of variations in the anatomy of cystic artery seen during laparoscopic cholecystectomy in Indian population and to evaluate suitable classification to be followed by the laparoscopic surgeons while performing the surgery.
METHODS
A prospective observational study was performed after taking institutional ethical committee (IEC) clearance and due consent from patients at Teerthanker Mahaveer Medical College and Research Centre from October 2015 to October 2018. 600 patients with proven symptomatic gall stone disease on preoperative Ultrasonography, of more than 18 years of age, with normal liver function test and serum amylase and lipase levels, who consented to undergo elective laparoscopic cholecystectomy and participate in this study were included.
Exclusion criteria followed was patients who required conversion of laparoscopic procedure to open cholecystectomy, concomitant stones in common bile duct along with gall stones, gall bladder malignancy diagnosed preoperatively, >72 hours after the recent attack of acute cholecystitis and less than 6 weeks' time elapsed after the last attack of acute cholecystitis.
Laparoscopic cholecystectomy was performed with 04 port technique with patient under general anesthesia by experienced laparoscopic surgeons. Laparoscopic visualization of cystic artery was done. Position and variation in anatomy of cystic artery with regard to triangle of Calot and origin of cystic artery were noted.
We followed the classification as proposed by You-Ming et al which divides the variations in distribution of cystic artery into 3 groups. These groups are further divided into subgroups described below. 9 Classification as proposed by Ding You-Ming etal is as follows: 9
Group 1
Cystic artery and its variations found inside the triangle of Calot. Cystic artery travels inside the triangle of Calot. Cystic artery can pass in front of cystic duct or behind the cystic duct or may be found in hepatoduodenal ligament
Single cystic artery inside triangle of Calot
Right branch of hepatic artery gives origin to single cystic artery (SCA). This artery travels inside the boundaries of Calot's triangle. At neck of gall bladder, it divides into 2 branches namely deep branch and superficial branch near gall bladder's neck. During laparoscopic cholecystectomy, this artery travels in a plane that is slightly deeper and immediately behind cystic duct.
Double cystic artery present in triangle of Calot
There are 2 cystic arteries (anterior and posterior) known as double cystic artery (DCA) originating from right hepatic artery. These 2 cystic arteries run in triangle of Calot. Delicate posterior cystic artery can get damaged during surgery. 5
Group 2

Cystic artery and its variations found outside the triangle of Calot
In this group, cystic artery does not travel inside the triangle of Calot, so it is not seen inside the Calot's triangle. Following 04 variants are seen under this group.
Gastroduodenal artery giving rise to cystic artery
Cystic artery travels outside the triangle of Calot. It is seen superficial to and anterior to cystic duct during laparoscopic surgery. This anatomical variant is prone to get damaged when peritoneal folds are dissected specially folds extending from hartmann's pouch to hepatoduodenal ligament.
Cystic artery arising from the variant right hepatic artery running parallel to cystic duct
In these cases, cystic artery arises from hepatic artery which runs parallel to cystic duct and surgeon may get confused it with large cystic artery. [10] [11] [12] Cystic artery arising directly from parenchyma of liver Here, cystic artery travels in parenchyma of liver. It pierces gallbladder bed to supply gallbladder. In these cases surgeon should be careful while dissecting gall bladder bed, especially fundus as damage to artery may lead to haemorrhage.
Cystic artery originating from left hepatic artery
In this type, cystic artery takes its origin from left hepatic artery. It pierces liver parenchyma to reach approximately midpoint of body of gall bladder and supplies gall bladder.
Group 3
Compound type (more than one blood supply to gall bladder). In this type, gall bladder has more than >1 source of blood supply. Arterial supply to gall bladder is present both inside and outside the triangle of Calot.
Statistical analysis
The data obtained was noted in excel sheet and subjected to analysis using SPSS version 20. All the data was presented as number and percentage.
RESULTS
Out of 600 patients studied, we found 85.7% patients in Group 1, 13.33% in Group 2 and only 1% in Group while performing open cholecystectomy, traction given on Hartmann's pouch is in downwards direction. This opens up anterior aspect of triangle of Calot. This is in contrast with laparoscopic cholecystectomy where pull given on Hartmann's pouch is in upward direction which exposes posterior aspect of triangle of Calot and magnified view during laparoscopy gives better visualization of cystic artery. 9 Ignjatovic et al described 3 types of cystic artery; type 1 was described as single artery in Calot's triangle; type 2 more than one artery in Calot's triangle and type 3 no artery in Calot's triangle. 5 Balija et al described two groups; in group1, cystic artery, either single or double, was present in the triangle and in group 2 no artery was seen in the triangle on laparoscopic visualization. 16 He did not remark on cases where vessels were seen both inside and outside the Calot's triangle.
Suzuki has also pronounced the arterial anatomical variations in 3 groups. His description of vascular classification is based on laparoscopic visualization of arterial supply to the gallbladder while no comment has been made on their anatomical origin. 11 We followed classification as proposed by You-Ming et al which divides variations in distribution of cystic artery in 3 groups with further sub-groups, as aforementioned. 9 The present study revealed synonymous results to the study by Farooq et al with regard to the 100% presence of cystic artery while little variation in results was seen in the investigation by Hassan and Taimur et al in which the cystic artery was absent in 3% of the patients. [17] [18] [19] In our study, SCA within Calot's triangle which is the most common variant seen during laparoscopic cholecystectomy was present in 426 (71%) of the patients and DCA in 88 (14.67%) of the patients, which is synonymous to the results of the study by Farooq et al, who found SCA in 92.25% patients and double in 7.75% patients. 8, 17, 20 while Talpur et al found DCA in 1% of cases. 21 In the present study we found normal positioned SCA in 71% (n=426) cases and variations in arterial supply were observed in 29% of patients. These observations are consistent with the findings of Suzuki and other authors, who described variations in the range of 23 to 28%. 9, 11, 16, 22 The comparison of our findings with other authors' observations is shown in Table 2 .
The commonest variation in our study was that of double arteries in Calot's triangle in 14.67% patients. This pattern has been seen in 15 to 25% of many published studies but Suzuki has described this pattern in only 2.45% of his patients. 9, 11, 16, 22 We found arteries both within and outside the Calot's triangle in 1% of patients. This pattern is seen in 7.37% of Suzuki's patients, compared to 1.5% of patients by Ding who called this pattern a compound artery. 9,11 Balija has not described this pattern.
Cystic artery only outside the Calot's triangle was observed in 13.33% of our patients. This pattern was described in 5 to 13% of patients in different studies. 9, 11, 16, 22 The present study indicates there is a possibility of double CAs suggesting that one should always look for DCA during surgery in this region. Michel's stated that the superficial branch of double CA arose from the RHA, LHA, MHA, gastroduodenal artery, or retroduodenalartery.
Tripling of the CA is very rare and was encountered in only case by Michels and one case by Daseler et al. 23, 24 In our study we did not come across akin variation. The explanation for variant CA is found in the developmental pattern of the biliary system. In the course of fetal development, the gall bladder develops from hepatic diverticulum of the foregut which is sumptuously supplied by abdominal aorta and its initial branches. This is followed by varied pattern of degeneration of these vessels to form mature vascular system, perhaps causing variations of blood supply. 25 Multitude of avant-garde techniques like laparoscopic ultrasonography, laparoscopic doppler and tactile sensor probe have been introduced to identify biliary and arterial anatomy per operatively, but these techniques are expensive and not available at all the centres. There is certainly no alternative other than meticulous dissection and clear definition of anatomy. 9,22
CONCLUSION
We have found that the classification proposed by You-Ming et al, is more practical during laparoscopic cholecystectomy. To prevent accidental haemorrhage while performing laparoscopic cholecystectomy, surgeon must know about variations seen with regard to cystic artery.
